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Description 

The present invention relates to an alkaii free glass which is substantially free from alkali metal oxide 
and zinc oxide and which is useful as glass substrates for various displays or photo masks. 

Heretofore, glass substrates for various displays, particularly those having a thin metal film formed on 
their surface, are required to have high levels of the following properties. 

a) Since they are exposed to high temperatures during the step for the formation of the thin film, they 
are required to have a high strain point. 

b) if they contain an alkali metal oxide, the alkali metal ions are likely to diffuse into the thin film, 
whereby the film properties are likely to deteriorate. Therefore, they are required to be substantially free 
from alkali metal ions. 

c) They are required to be free from internal and surfacial defects (bubbles, striae, inclusions, pits, 
scratch marks, etc.). 

d) They are required to have excellent chemical durability so as to be durable during the washing step. 
However, in recent years, displays of TFT (thin film transistor) type are increasing wherein a semicon- 
ductor transistor or the like is formed on a glass substrate. The display substrates to be employed for the 
displays of this type are frequently exposed to an etchant containing hydrofluoric acid for etching an 
insulating film of Si02 or SiafV 

Inherently, glass is very weak against hydrofluoric acid. Therefore, when exposed to such an etchant, 
the conventional alkali free glass became useless in many cases with its surface eroded to have turbidity. 

Quartz glass or #7059 glass of Corning Glass Works may be mentioned as glass which is durable 
against such an etchant. However, quartz glass has a very high viscosity, and it is difficult to melt it, 
whereby the production cost tends to be high. On the other hand, #7059 glass has a problem that the strain 
point is low. 

Japanese Unexamined Patent Publication No. 281041/1986 discloses an alkali free glass consisting 
essentially of from 50 to 60% by weight of Si0 2 , from 10 to 20% by weight of M2O3, from 0.1 to 4% by 
weight of B 2 0 3 , from 6 to 14%. by weight of ZnO, from 3 to 10% by weight of CaO. from 3 to 10% by 
weight of MgO, from 3 to 10% by weight of BaO, from 0 to 4% by weight of Zr0 2 , from 0 to 5% by weight 
of SrO, from 3 to 10% by weight of CaO + SrO and from 3 to 10% by weight of BaO + SrO as a glass 
which solves the above-mentioned - problems. When this glass is formed into a glass ribbon by a float 
method, zinc oxide on the glass surface on the molten metal bath is reduced by a reducing atmosphere and 
evaporates. As a result, the surface portion and the underlayer portion of the glass ribbon tend to have 
different compositions to each other, whereby there will be a difference in the shrinkage when cooled. The 
difference in shrinkage brings about a deflection or distortion of the glass ribbon. Thus, such glass has a 
problem that a float method having excellent productivity can hardly be applied thereto. 

It is an object of the present invention to solve the above drawbacks and to provide an alkaii free glass 
which undergoes no turbidity by hydrofluoric acid, which is excellent also in other chemical durability, which 
is readily melted, which has a high strain point, which has a low expansion coefficient and which is capable 
of being formed by a float method. 

The present invention provides an alkali free glass consisting essentially of from 55 to 70 mol% of SiC>2, 
from 5 to 15 mol% of AI2O3, from 10 to 25 mol% of B 2 0 3 , from 72 to 80 mol% of Si0 2 + BaOa, from 1 to 
6 moI% of MgO, from 0 to 6 mol% of CaO, from 3 to 12 mol% of SrO and from 3 to 12 mol% of BaO and 
essentially free from alkali metal oxide and zinc oxide. 

Now, the present invention will be described in detail with reference to the preferred embodiments. 

Firstly, the reasons for limiting the compositional ranges of the respective components will be 
described. 

If Si0 2 is less than 55 mol%, the chemical resistance of the glass will be inadequate. On the other 
hand, if it exceeds 70 mol%, the meltability of the glass deteriorates, and the devitrification temperature 
increases, such being undesirable. 

AI2O3 has a function to suppress the phase separation of the glass, to reduce the thermal expansion 
coefficient and to increase the strain point. This effect is small when AI2O3 is less than 5 mol%. If AI 2 0 3 
exceeds 15 mol%, the meltability of the glass tends to be poor, such being undesirable. 

B 2 0 3 is effective for preventing the formation of turbidity due to hydrofluoric acid and to reduce the 
expansion coefficient and to improve the meltability. If B 2 0 3 is less than 10 mol%, no adequate effect will 
be obtained, and if it exceeds 25 mol%, the strain point tends to be low, and the compositional change due 
to evaporation during the melting operation is likely to be brought about, such being undesirable. 

The present inventors have found that the turbidity caused by hydrofluoric acid is mainly due to the 
amount of Si0 2 + &2O3. The amount of Si0 2 + B 2 0 3 is preferably at least 72 mol%. If the amount of Si0 2 
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+ B20a exceeds 80 mol%, the solubility tends to be poor, such being undesirable. 

MgO is a component which is effective to reduce the thermal expansion coefficient and to improve the 
solubility of the glass. MgO has a particularly remarkable effect for the improvement of meltability and yet 
has a feature that it does not lower the strain point. Therefore, it is used in an amount of at least 1 moI%. 
5 On the other hand, if MgO exceeds 6 moI%, the turbidity due to hydrofluoric acid and the phase separation 
of the glass are likely to be led, such being undesirable. 

CaO has substantially the same function as MgO. If it exceeds 6 mol%, turbidity due to hydrofluoric 
acid and the phase separation of the glass are likely to be led, such being undesirable. 

SrO is a component which suppresses the phase separation of the glass and which is relatively useful 
w for the prevention of the turbidity due to hydrofluoric acid. If SrO is less than 3 mol%, no adequate effect 
will be obtained. On the other hand, if it exceeds 12 mol%, the thermal expansion coefficient increases, and 
the chemical durability such as the water resistance, tends to deteriorate, such being undesirable. 

BaO has a function similar to SrO. If it is less than 3 mol%, no adequate effect will be obtained. If it 
exceeds 12 mol%, the thermal expansion coefficient increases, and the chemical resistance such as the 
75 water resistance tends to deteriorate, such being undesirable. 

The glass of the present invention may contain not more than 5 mol% in total of ZrCk, P2O3, Ti02, 
S0 3l AS2O3, Sb20 3 , F and Ci in order to improve the meltability, clearness and formability of the glass in 
addition to the above-mentioned components. 

ZnO makes the forming by a float method difficult, and therefore is not substantially contained. 
20 The alkali free glass of the present invention preferably consists essentially of from 59 to 70 mol% of 
Si02, from 5 to 15 mol% of AI2O3, from 10 to 20 moI% of B2O3. from 72 to 80 mol% of Si0 2 + B2O3, from 
1 to 5 mol% of MgO, from 2 to 5 mol% of CaO, from 3 to 10 mol% of SrO and from 4 to 10 mol% of BaO. 

The glass of the present invention is prepared, for example, by the following process. 

The respective starting materials commonly used are mixed in the desired proportions, and the mixture 
25 is continuously introduced into a melting furnace and melted under heating at a temperature of from 1 ,500 
to 1,600'C. This molten glass is formed into a sheet having a predetermined thickness by a float method, 
followed by cooling and cutting. 

Now, the present invention will be described in further detail with reference to Examples. However, it 
should be understood that the present invention is by no means restricted to such specific Examples. 

30 

EXAMPLES 

The examples of the present invention are shown in Tables 1 and 2 (Sample Nos. 1 to 6). 

The starting materials of the respective components were mixed to have the desired proportions, and 
35 the mixture was heated in a platinum crucible at a temperature of from 1 ,450 to 1 ,500 • C for from 3 to 4 
hours for melting. For the melting, a platinum stirrer was used and the stirring was continued for from 1 to 2 
hours for homogenizing the glass. Then, the molten glass was casted into a sheet form, followed by gradual 
cooling. 

In Table 1, the glass composition is shown, and in Table 2, the thermal expansion coefficient, the high 
40 temperature viscosity, the devitrification temperature, the strain point, the water resistance, the acid 
resistance and the hydrofluoric acid resistance of the glass are shown. 
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The water resistance was determined in such a manner that the glass was immersed in deionized water 
at 95 *C for 40 hours, whereupon the weight reduction was measured, and the water resistance was 
55 represented by the weight reduction per unit surface area of the glass. 

The acid resistance was determined in such a manner that the glass was immersed in 1/100 NHNOa 
95 # C for 20 hours, whereupon the weight reduction was measured, and the acid resistance was repre- 
sented by the height reduction per unit surface area of the glass. 
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The hydrofluoric acid resistance was determined in such a manner that the glass was immersed in a 
NH+F/HF solution (a solution obtained by mixing a 40 wt% ammonium fluoride aqueous solution and a 47 
wt% hydrofluoric acid aqueous solution in a weight ratio of 6:1) at room temperature for 20 minutes, 
whereupon the outer appearance was visually evaluated under the following standards: 
5 O : Good 
X : Poor 

As is evident from Table 2, the glass of the present invention in each of the Examples has a low 
thermal expansion coefficient at a level of from 40 to 50 x 10 _7 /'C and a low temperature for log^ = 2.5 
(wherein i> is the viscosity of the glass represented by poise, the same applies hereinafter) which is an 
10 index for one meltability, thus indicating that it can be easily melted. 

Further, the difference between the temperature for log n = 4 as an index for the forming and the 
devitrification temperature is sufficiently large, thus indicating that there will be no trouble of devitrification 
during the forming operation. 

The strain point is as high as at least 600 • C, thus indicating that it is adequately durable against heat 
75 treatment at a high temperature. 

Also with respect to the chemical properties, each sample of the present invention has excellent water 
resistance and acid resistance and hardly forms turbidity by hydrofluoric acid. 

On the other hand, Sample Nos. 7 and 8 represent Comparative Examples. Sample No. 7 is likely to 
have turbidity by hydrofluoric acid, although it has good meltability with a relatively low temperature for log 
20 jj = 2.5 as an index of the melting temperature. Sample No. 8 has a low strain point and is susceptible to 
thermal deformation, although it is resistant against hydrofluoric acid. 

The glass of the present invention contains no substantial zinc oxide and is formed by a float method 
having excellent productivity. Further, it is resistant against hydrofluoric acid so that turbidity is hardly 
formed by hydrofluoric acid. Further, it is excellent in the meltability, formability and heat resistance and has 
25 a low thermal expansion coefficient. Thus, it is suitable for use in the applications where such properties are 
required, for example, for display substrates, photo mask substrates or TFT type display substrates. 

Claims 

30 1. An alkali free glass consisting essentially of from. 55 to 70 mol% of Si0 2t from 5 to 15 mol% of Al 2 0 3 , 
from 10 to 25 moI% of B 2 0 3 , from 72 to 80 mol% of Si0 2 + B 2 0 3 , from 1 to 6 mol% of MgO, from 0 
to 6 moi% of CaO, from 3 to 12 mol% of SrO and from 3 to 12 mol% of BaO and essentially free from 
alkali metal oxide and zinc oxide. 

35 2. The alkali free glass according to Claim 1, which consists essentially of from 59 to 70 moI% of Si0 2 , 
from 5 to 15 mol% of Al 2 0 3 , from 10 to 20 mol% of B 2 0 3 , from 72 to 80 mol% of Si0 2 + B 2 0 3 , from 
1 to 5 mol% of MgO, from 2 to 5 mol% of CaO, from 3 to 10 mol% of SrO and from 4 to 10 mol% of 
BaO. 

40 PatentansprUche 

1. Ein alkalifreies.Glas, bestehend im wesentlichen aus von 55 bis 70 Mol-% Si0 2 , von 5 bis 15 Mol-% 
AI2O3, von 10 bis 25 Mol-% B 2 0 3 , von 72 bis 80 Mol-% Si0 2 + B 2 0 3 , von 1 bis 6 Mol-% MgO, von 0 
bis 6 Mol-% CaO, von 3 bis 12 Mol-% SrO und von 3 bis 12 Mol-% BaO und das im wesentlichen frei 

45 von Alkalimetalloxid und Zinkoxid ist. 

2. Das alkalifreie Glas nach Anspruch 1, das im wesentlichen besteht aus von 59 bis 70 Mol-% Si0 2 , von 
5 bis 15 Mol-% Al 2 0 3( von 10 bis 20 Mol-% B 2 0 3 , von 72 bis 80 Mol-% Si0 2 + B 2 0 3l von 1 bis 5 
Mol-% MgO, von 2 bis 5 Mol-% CaO, von 3 bis 10 Mol-% SrO und von 4 bis 10 Mol-% BaO. 

50 

Revendications 

1. Verre exempt d'alcalis constitue* essentiellement par : 

- 55 a 70% en moles de Si0 2 ; 
55 - 5 a 15% en moles d'AI 2 03 ; 

- 10 a 25% en moles de B2O3 ; 

- 72 a 80% en moles de Si0 2 + B 2 0 3 ; 

- 1 a 6% en moles de MgO ; 
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- 0 a 6% en moles d CaO ; 

- 3 a 1 2% n moles de SrO ; et 

- 3 a 1 2% n moles de BaO, 

et substantiellement exempt d'oxyde de m^tal alcalin et d'oxyde de zinc. 

5 

2. Verre exempt d'alcalis selon la revendtcation 1 , qui est constitue' essentiellement par 

- 59 a 70% en moles de Si02 ; 

- 5 a 15% en moles d'AfeOa ; 

• 10 a 20% en moles de B2 0a ; 

70 - 72 a 80% en moles de Si0 2 + B 2 0 3 ; 

- 1 a 5% en moles de MgO ; 

- 2 a 5% en moles de CaO ; 

■ 3 a 10% en modes de SrO ; et 

- 4 a 10% en moles de BaO. 

75 
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